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(54) PROCESS FOR PRODUCING LOW-BOILING OIL FROM WASTE PLASTICS CONTAINING 
PHTHAUC POLYESTER AND/OR POLYVINYL CHLORIDE ^'i^^ ^"NrAININQ 

(57) Ught-weight oil having a high octane number is 
produced from waste plastics containing phthalic poly- 
ester and/or polyvinyl chloride at a high yield without 
producing a phtiialic sublimate or a carbonaceous resi- 
due. 

The light-weight oil is produced by pyrolyzing tiie 
waste plastics containing the phthalic polyester and/or 
the polyvinyl chloride in an atmosphere of steam or a 
mixture steam or an Inert gas. A pyrolyzed oil and a . 
pyrolyzed gas obtained by the phyrolysis of the above 
waste plastics may be catalytically cracked In an atmos- cmktrgoB 

phere of steam or a mixture of steam and tiie Inertgas 

t5y using a-catalyst. Further, it may be tiiat after dechlo- 
rination is perfonned, the pyrolysis is carried out. Fur- wnfysispmduet 
thermore, it may be that tiie pyrolysis is performed in tfie 
presence of one or more kinds of iron hydroxide, 

hydrous Iron oxide and iron oxide. I ^^^^ I ^w^w 
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Description 

Technical Field to which the invention belongs 

The present invention relates to a process for producing light-weight oil having a high octane number at a high yield 
from waste plastia containing phtaWic polyester and/or polyvinyl chloride, without producing a phthalic sublimate or a 
cartwnaceous res/due. by pyrolyzing the waste plastics containing phtahlic polyester and/or polyvinyl chlorida 

Priaart 



It rs known that the waste plashes are ordinarily composed mainly of polyolefinic plastics such as polyethylene and 
polypropylene, polystylene. polyvinyl chloride or phthalic polyester. Various processes are proposed for producing light- 
weight oil having a high octane number of not less than 100. such as gasoline, at not less than 50 wt% with respert to 
the waste plastics as a part of the chemical recycling by breaking the above polyolefinic plastic into pieces, and effecting 

dechlorination if necessary (For example, see JP-A-63 178195. JP-A-3 86790 and 

Jr-A-86791). 

However, if phthalic polyester and/or polyvinyl chloride containing a phthalilc plastidzer is mixed in the waste plas- 
tics, there IS a problem that a large amount of a phthalic sublimate and a carbon residue are producing during the oyrol- 

«p™«i?n^"''^''f "Sf^?*^'"''''*^^'^- "'l^'tosolve this p«)blem. it is necessary to preliminarily 
separate and remove the phthalic polyester and/or the polyvinyl chloride from the waste plastics, which causes a prol>- 
lem that the waste plastics-treating procedure becomes complicated. 

On tfie other hand as described in JP-A-6 220.463 and JP-A-7 82.569. there is a proposal that light-weight oil is 
produced from waste plastcs containing polyvinyl chlorida The former publication has a problem that it is an indispen- 
sable requirement to use a material having an amide group, which raises a cost and cannot be simply applied to the 
treatment of ttie^waste plastics as municipal waste. Further, the latter case has a problem that since a phthalic subli- 
mate produced during the pyrolysis is saponified, the yield of a product oil decreases. 

Problem to be solved by the present invention 

The present invention is to solve the above-mentioned conventional problems, and has been accomplished to pro- 
vide a process tor producing light-weight oil from waste plastics containing phthalic polyester and/or polyvinyl chloride 
which process can almost eliminate the production of a phthalic sublimate and a carbonaceous residue during a pyrol- 
ysis st^ and produce light-weight oil having a high octane number at a high yield even in the case of waste plastics 
containing phthalic polyester and/tor polyvinyl chloride including a phthalic plastidzer. 

The process for produdng light-weight oil from waste plastics containing a phthalic polyester and/or a polyvinyl 
chtoride according to the present invention has been acconplished to solve the above problems, and is characterizol 
in that the light-weight oil is produced by pyrolyzing the waste plastcs containing the phthalic polyester and/or the pol- 
yvinyl chloride in an atmosphere of steam or a mixture of steam and an inert gas. 

Since almost none of the phthalic siMimate and the carbonaceous residue are produced in ttie pyrolysis step of 
the waste plasto containing phthalic polyester and/or polyvinyl chloride according to the present invention, a pipe line 
can be prevented from being dogged. Further, since the light-weight oil having a high octane nun*er to be used as a 
raw matenal for obtaining gasoline and tiie like can be obtained at a high yield from the waste plastics, this enables the 
waste plastics to be recycled without being thrown away, and also enables effective utilization of resources. 

45 Brief Description of ttie Drawings 

nhthSlill^ ^Jlr Pf~ess for the production of light-weight oil from the waste plastics containing 

phttialic polyester and/or polyvinyl chloride according to ttie present Invention, including a pyrolysis step 

so nhth»Ifr.lit!!^', '=^f^.°' « P^««» ^ P"^"^ of light-weight oil from the waste plastics containing 
50 phthahc pofyester aixl^or polyvinyl chlonde according to ttie present invention, including a deditorinating step, a pyro" 
ysis step and a catalytic aacWng step. 

nhfhS lH'^r '^'^frt of ^process for the production of light-weight oil from the waste plastics containing 
phttiahc polype and/or polyvinyl dilonde according to the present invention, including a deditorinating step, a pyroN 
ysis step, a distilling step and a catalytic cracking step. H-awoi 
55 Rg. 4 shows anottier embodiment of the process for the production of a product oil by obtaining a pyrolyzed oil 
through cooling a gaseous pyrolyzed product produced in a pyrolysis step and separating oil and water and catalytically 
cracking the pyrolyzed oil according to the present invention. 

Figs. 5 through 7 show other embodiments of the process for the produrtfon of light-weight oil from the waste plas- 
tics containing phthalic polyester and/or polyvinyl chloride according to ttie present invention. 
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Figs. 8 through 10 show trickle bed pyrolysis reactors used in Examples 3, 4 and 5, respectively, in which a cradted 
percentage of terephthalic acid was examined. Preferred embodiments of the present invention 
The present invention will be explained in more detail below. 

5 I. Pyrolysis step 

Fig. 1 shows a flow chart of the process for the production of light-weight oil from the waste plastics containing 
phtfialic polyester and/or polyvinyl chloride, including a pyrolysis step. It is shown that a dechlorinattng step parenthe- 
sized in the following figure is carried out if necessary. TTie waste plastics is crushed in given sizes by a conventional 
10 method, and crushed waste plastics pieces are pyrolyzed in an atmosphere of steam or a mixture of steam and an inert 
gas. thereby obtaining light-weight oil. 

The pyrolj^s is ordinarily performed at a pyrolysis temperature of 350 to 550»C under ordinary pressure as a pyrolysis 
pressure. The pyrolysis reaction may be perfbrmed by a given pyrolysis reactor in a batch system, or may be performed 
while the waste plastics, steam and the inert gas (earner gas) are being fed at given feed rates 

IS The atmosphere in the pyrolysis reaction may be steam alone. However, considering that hot steam is a little dan- 
gerous, a mixed gas of steam and an inert gas is preferred as the atmosphere. AHhbugh the mixing ratio between the 
steam and the inert gas is not particularly limited, the concentration of steam in the mixed gas is pr^aWy 10 to 100 
% from the standpoint of suppressing the production of the carbonaceous residue. As the inert gas. nitrogen a com- 
busbon^exhaust gas of a pyrolyzed gas obtained in the pyrolysis step or the like may be used. The pyrolysis reaction 

so time 18 determined under consideration of tiie pyrolysis temperature, the scale of the pyrolysis such as the amount of 
the waste plastics, etc. 

The waste plastics to which the process of the present invention may be applied contain phthalic polyester and/or 
polyvinyl chlonde. The ratio between the phthalic polyester and/or the polyvinyl chloride in the waste plastics is not lim- 
ited to a particular range. The invention process may be also applied to waste plasft-cs containing another plastic or 
resin such as polyetiiylene resin. The phthalic polyester here means polyesters of phthalic add and terephUialic acid 
re^esented by polyethylene phthalate. polybutylene phthalate, polyethylene terephthalate and polybutyleneterephtha- 

The light-weight oil obtained by the pyrolysis varies to sorne extent depending upon a reaction condition etc and 
IS composed of a gasoline component. Rght oil. kerosine. heavy oil. etc. For example, the gasoline component is'con- 
tained in an amount of about 20 wt%. The light-weight oil produced in the pyrolysis is gaseous at the pyrolysis temper- 
ature, taken out from the pyrolysis reactor togettier with an atmosphere gas or a carrier gas. and liquefied and 
recovered through being cooled with water or air (cooled with water in an embodiment in Fig. 1). According to the inven- 
tion process, the amount of the carbonaceous residue produced in ttie pyrolysis reaction can be suppressed to a very 
low level, for example, down to not more than about 1%. Further, according to the invention process, the waste plastics 
may be cradffld to benzene witfiout producing a phthalic sublimate (mainly phthalic add, terephthalic acid and phthalic 
anhydride). The gas not liquefied even by cooling is composed of methane, etiiane. propane, butane, etc. and is recov- " 
ered as an off gas or discarded. The light-weight oil liquefied by cooling witii water is divided into water and oil. and the 
light-weight oil is recovered as a product oil. whereas water is recyded in the process. 

It is preferable that the pyrolysis is perfbnned in a pyrolysis reactor filled with a solid filer, for exanple. glass beads 
granular ceramic sudi as alumina or the like. In this case, heat is effectively transferred from the solid filler having a 
large heal capacity and a large contact area to the crushed waste plastics. 

Further, the pyrolysis reaction is preferably performed in tine pr^ence of one or more kinds of iron hydroxide 
hydrous iron oxide, iron oxide and iron ore as a catalyst In this case, the catalyst itself m^ be diarged In a granular or 
pellet form into the pyrolysis reactor instead of or in addition to the above solid ffller. Alternatively, ttie catalyst may be 
diarged mto tiie pyrdysis reactor in the state that the catalyst is earned on ttie surface of the solid filler. The oxidation 
numbers of iron hydroxide, hydrous iron oxide and iron oxide mentioned above are three, but a certain amount of com- 
pounds having bivalent iron may be contained; The use of one or more kinds of iron hydioxide. hydrous iron oxide iron 
oxide arid iron ore mentioned above as the catalyst can promote ttie tiansfer of ttie heat and to more snioottily advknce 
the pyrolysis J?s m.enboned before. In the present specification, ttie pyrolysis reactor filled with ttie solid filler and/or ttie 
50 catalyst is called a trickle bed pyrolysis reactor. 

It may be that the waste plastics is pyrolyzed wittiout being pyrolyzed in the presence of ttie catalyst, and a gaseous 
pyro^/zed product obtained by the pyrolysis is taken out to a reactor whfch is separately provided from the pyrolysis 
reactor and filled witii ttie above catalyst and in whidi tiie phttiallc sublimate is pyrolyzed to benzene or the like In flie 
presert speafication. ttiis reactor is called a phttialic sublimate pyrolysis reactor. As to ttie catalyst, the same physical 
55 properties and filling mettiod as mentioned above may be used. Ordinarily, ttie reaction temperature is 350 to 550«C 
and the reaction pressure Is ordinary pressure. The sublimate in a gaseous form is fed into ttie sublimate readw 
toge her witti the pyrolyzed gas carrier, and craved to benzene or ttie like. In ttiis way. ttie phthalto sublimate may be 
pyrolyzed in ttie phthalic sublimate pyrolysis reactor separately provided from ttie above pyrolysis reader, ttie phthalilc 
sublimate is preferably pyrolyzed in ttie tridde bed pyrolysis reactor as mentioned above from the standpoint of ttie heat 
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15 



efficiency. 

1^1^^^? T.? T"^' f '^'^'^ to the reactor after the reskJue is removed. 

^»domg. since theWler or the catalyst is regenerated and repeatedly 

the pdyv,nyl ch onde fed. whereas the cartjonaceous residue Is produced In an amount of al»ut 20 iof the phtSic 
pojrester resin fed in a qonventional process in which nitrogen gas is used as a carrier gas. Further, as mentioned 
above the pyroljreis reaction is preferably carried out in the filled type pyrolysis reactor from the standpoint of the cata- 

SJLn h T'^H P'^«=« Pyrolyzed in the presence of one or more kinds 

of iron hydro»de. hydrous iron oxide, iron oxide and iron ore as a catalyst, the phthallc sublimate produced during the 
pyrolysis can be cracked to oil. t- a uw 

II Dechlorination step 



20 



25 



30 



^Ji^^ T t , ^f"^ '^'^'^^ ^ dechlorination step is preferably 

from the waste plastira containing pWhalk: polyester and/or polyvinyl chloride. The dechlorin 
poisonotffi g^es such as hydrogen chloride and to facilitate a post treatment, and is ordinarily operated at 200-350°C 
in he atmosphere of steam or steam and an inert gas inside a dechlorinating reactor under oidinary pressure The dec- 

?Jcf'!!f T '^^"H^"-,™^ '^T^ * 3*^^" dechlorinating pyrolysis reactor in a batoh system or while the waste 
plastics, steam and the inert gas (earner gas) are being fed at given feed rates 

The atmosphere in the dechlorination reaction may be steam alone, but it is preferably a mixed gas of steam and 
fte inert gas. considering that hot steam is a little dangerous. The mixing ratio between steam and the inert gas in the 

^ ^^'"^ '^'.""'^"^ ^ 0^ « contusion exhaust gas of the pyroLed gas 

produced in the pyrolysis step may be used. The dechlorinating reaction time is determined, while the dechlorinafon 
H^^IT" scale such as the amount of waste plastics, ete. are considered. In the 

fT^'^^TJ.^' f f*'^ ''^ discharged off outside In the fom. of HQ and CI, 

together with the atmosphere gas or the earner gas. 

The dechlorinating reaction is preferably operated in a dechlorinating reactor filled with a solid filler, for example 

glass beads, granular ceramic such as alumina or the like. In this case, heat is effectively transferred from the solid filled 

having a large heat capacity to the crushed waste plastics having a larger contact area. The waste plastics from which 

35 chlorine is removed is led to the pyrolysis step where it is treated in the same manner as shown in Fig. 1. When S 

dech onnaton is operated in the dechlorinating reactor filled with the solid filler, it may be that the waste plastics and 

TJinJZ^l Z^^° thepyrolysis reactor where the pyrolysis is completed, thefiller is taken out from thepyrolysis 

40 2^ "^^ ^ dechtorinating reactor and the pyrolysis reactor for reey- 

III Catalytic cracking step 

wh^r^thTH^^i"^ aitt„>ugh the pyrolyzed oil obtained In the above pyrolysis step (which may include a case 
vi^heethedechlwinating step IS operated beforethepyrolysis step if necessary or indudethe above suW^^^^^ 

T^r!^ T^'^ *'^iPy^°'y^«^ ^erosine. heavy al, etc. In order to increase the rate of theXoline 
convonent. the pyrolyzed oil or the pyrolyzed oil and the pyrolyzed gas produced in the pyrolysis step is catalytically 

elcl thSlSZ^r^T See Rg. 2. In the light-weight oil obtained in the eatalytic craLg 

reaction, the yield of the gasoline component is lor example about 70 wt%. and the remainder is composed of carbon 
and pyrolyzed gases such as methane, ethane, propane and butane 

r.arSn '^l^f^H '^^y^.H' 'If spec»ication includes both the light-weight oil obtained by the pyrolysis 

ordnanly operated at a pyrolysis temperature of 300 to 600-C under ordinary pressure as the pyrolysis pressure The 
^Jrtic cracking reaetran ,s effected in the state that the gaseous pyrolyzed oil or the gaseous pyrolyzed oil and the 
pyrolyzed gas as well as steam and inert gas (carrier gas) are being fed at given feed rates. The atmosphere in the cat- 

SL^r^a^rd^^^rs'^""^"""^^^^ 
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The mixed ratio between steam and the inert gas in the mixed gas is not particularly limited. Further, the catalytic 
cracking reacbon time is determined, while the catalytic cracking temperature, the catalytic cracking scale such as the 
amounte of tfie gaseous pyrolyzed oil or the gaseous pyrolyzed oil and the pyrolyzed gas. etc. are considered. As the 
catalyst used in the catalytic step, a catalyst in which a rare earth metal Is introduced into Y-type zeolite is preferably 

' If ?i*??'^?\?*^A"^.f '"^ ™y "s^* 3S the catalyst. As the transition metal, nickel 

« preferred. The hght-weight oil produced in the catalytic cracking, which is gaseous at the pyrolysis temperature, is 
taken out from the catalytic cracking reactor together with the atmosphere gas or the carrier gas and liquefied and 
recovered through being cooled with water or air cooled with water in the embodiment of Rg. 2. 

The gasnotliquefiedevenbycoolingindudesmethane. ethane, propane, butane, etc., and recovered or discarded 
10 ^ an off gas^The hght-weight oil is divided into water and oil, cooled with water in the embodiment of water and oil. and 
the hght-weight al is recovered as a product oil. whereas water is recycled in the process. If a catalyst in which a rare 
earth metal is ©(changed into Y-type zeolite and nickel is supported thereon is used, the gasoline component is pro- 
duced at a yield of not less than about 70 wt%. An off gas coming out after the above pyrolysis step (Rg. 1) and the 
catalytic cracking step (Fig. 2) may be used as a heat source, for example, for producing steam to be used as the atmos- 
is phere gas or the earner gas. 

Fig. 3 shows a fkw chart of another embodiment of the process fbr producing lightweight oil from the plastic con- 
taining phthalic plastc and/or polyvinyl chloride according to the present inventioa After a dechlorinating reaction is 
perfomied If necessary and then the pyrolysis is carried out the reaction product isdivided info a low boiling point frac- 
tion and ahigh boiling point fraction by disbHatton. The low boiling point fraction is treated in the same manner as shown 
20 above in Fig. 1 to obtain a product oil. whereas only the high boiling point fraction is catalytically cracked in an atmos- 
phere of steam or steam and an inert gas to obtain a product oil in the same treatment as in Fig. 2. In this case after 
following the catalytic cracking, the product oil is divided into a low boiling point fraction and a high boiling point fraction, 
the high boiling point fraction only may be catalystically cracked again. In this embodiment the light-weight oil can be 
produced at a high yield. 

Fig. 4 shows a further embodiment of the invention process fbr producing a product oil by catalytically cracking a 
pyrolyzed oil obtained through subjecting a gaseous pyrolyzed product produced in a pyrolysis step to cooling and 
oilAvater separation. In this case, the pyrolyzed oils obtained in the above are collected, and altogether subjected to the 
catalytic cracking, so that the light-weight oil can be effectively pixxluced. 

Fig. 5 to Fig. 7 show still further embodiments of the present invention. In Rg. 5. after dechlorination is operated if 
necessary, w^e plastics is fed to a filled type pyrolysis reactor in which are charged pellets of a catalyst composed of 
one or more kinds of iron hydroxide, hydrous iron oxide, iron oxide and iron ore or pellets containing or carrying ttie 
above catalyst steam or a mixed gas of steam and an inert gas is fed, preferably in a parallel flow, to the pyrolysis reac- 
tor from an upper side, and a gaseous pyrolyzed product is taken out togeUier with the steam or the mixed gas of the 
steam and the inert gas fbr effecting catalytic cracking, whereas the pellets are successively taken out from the filled 
tsjpe pyrolysis reactor from a lower side and regenerated pellets are returned to «ie pyrolysis reactor from the upper side 
after a matenal attached to the pellets are removed. h«»wo«» 
Rg. 6 shows an embodiment in which besides the above pyrolysis step, a phthafic sublimate is cracked between 
he pyrolysis step and the catalytic contact step. In a phthalic sublimate cracking reactor are charged pellets of a cata- 
lyst composed of one or more kinds of iron hydroxkle, hydrous iron oxide, iron oxide and iron ore or pellets containing 
w carrying the above catalyst, and steam or a mixed gas of steam and an inert gas is fed to the reactor from an upper 
side, whereas a gaseous pyrolyzed product produced is taken out together wrth steam or the Uke for effecting the cata- 
lyiic crflCKinQ. 

In Fig. 7, a staying section 1 for a dechlorinated waste plastics is provided between a dechlorinating reactor and a 
pyrolysis reactor, and an upper portion of the waste plastics-staying section 1 is connected to a bottom of the dechlo- 
nnabng reactor via an on/off valve 2. whereas a lower portion of tiie waste plastics-staying section 1 is connected to an 
upper portion of the pyrolysis reactor via an on/off valve 3. 

In tills embodiment, a filler is used commonly in the dechlorinating reactor and ttie pyrolysis reactor. While a carrier 
gas of steani or steam and the inert gas is first being fed with ttie on/off valve 2 being closed, the waste plastics is 
dechlorinated in ttie dechlorinated reactor. Then, after feeding of the carrier gas is stopped and tfie on/off valve 2 is 
opened, a given amount of the filler and the molten waste plastics is dropped into the waste plastics-staying section 1 
in the state that the on/off valve 3 is closed. Next, the on/off valve 2 is closed, and a purge gas is flown to purge hydro- 
gen chlorde. eta remaining on ttie filler and the molten waste plastics. Thereafter, the on/off valve 3 is opened to lead 
the me, and ttie molten waste plastics after the dechlorination to the pyrolysis reactor, and the on/off valve 3 is closed 
A gaseous pyrolyzed oil aacked in the pyrolysis reactor is led. together with the carrier gas. to a phthalic sublimate 
cracking reactor in which are charged pellets of the catalyst composed of one or more kinds of iron hydroxide hydrous 
iron oxide, iron oxide and iron ore or pellets containing or carrying said catalyst. In this reactor, the phthalic sublimate 
IS aacked in an atmosphere of steam or a mixed gas of steam and an inert gas. and a gaseous cracked product is sub- 
jected to catalytic cracking. 

In the embodiments in Fig. 5 to Rg. 7. since the pyrolysis reaction and the phttialic sublimate cracking reaction are 
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operated by using the pellets of the catalyst conposed of one or more kinds of iron hydroxide, hydrous Iron oxide iron 
oxide and iron ore or the pellets containing or carrying said catalyst, the phthalic sulslimate is cracked to benzene etc 
to prevent the treating apparatus in the present Invention from being clogged. Consequently, the process for producing 
the light-weight oil from the waste plastics containing phthallic polyester and/or polyvinyl chloride according to the 
5 present invention can be smoothly and effectively practiced. In the embodiments of Rg. 4 and Rg. 6. the natural source 
can be saved and the cost can be reduced by regenerating and recycling the filler in the same manner as mentioned 
before.' 



Examples 
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A product oil was obtained by treating waste plastics composed of 100 % polyethylene terephthalate resin in the 
procedure shown in Fig. 1 by using a tricWe bed pyrolysis rector having a filler of glass beads as a pyroiysis reactor A 
percentage of carbonaceous residue produced was not more than 1 % for each of a case where steam was used alone 
as a carrier gas and a case where 60 niol% of steam and 40 mol% of nitrogen gas were used as the carrier gas To the 

IS contrary, the percentage of the carbonaceous residue was 1 7% in a conventional process where nitrogen gas was used 
alone It was confirmed that the production of the carbonaceous residue could be assuredly prevented by the invention 
process, although the polyethylene terephthalate resin was contained as a starting material. Further the product oil 
included caibon dioxides having high addition values, such as aldehydes, ethers, ketones, alcohols, aromatic com- 
pounds. In this example, the feed rate of the carrier gas was set at 123 ccMiin.. and the reaction temperature was 

so 450''C. ' ■ 

(Example 2} 

A product oil was obtained by treating waste plastics composed of 93 wt % of polyethylene resin and 7 virt % of pol- 
yethylene terephthalate resin, of which composition ratio was near to ttiat of tiie general waste, in the procedure shown 
in Fig. 3 by using a trickle bed pyrolysis rector filled witti glass beads as a pyrolysis reactor. As a carrier gas in the pyrol- 
ysis. 60 mol % of steam and 40 mol % of nitrogen gas were used, and a feed rate was set at 123 cc/min and the pyrol- 
ysis was carried out at 450«C. The percentage of carbonaceous residue produced was not more than 1%. A distiUed 
fraction in a high boiling point range of 200 to 300»C was distilled. As a carrier gas in a catalytic cracWng. 50 mol % of 
steam and 50 mol % of nitrogen gas were used, and a pyrolyzed oil was fed at a rate of Ig/h per lg of a catalyst. Fur- 
thermore, a catalyst of rare earth metal ewjhanged Y-type zeolite supporting nickel was used as a trickle bed and a 
reaction temperature was set at 400°C under ordinary pressure. 

■me yiekJ of the light-weight oil with respect to the pyrolyzed oil was 70 wt %. and its octane number was 110 The 
oil was composed of 70 wl % of saturated hydrocarbons and 30 wt % of aromatic hydrocarbons. In a conventional proc- 
ess {Example 1 of JP-A-3 86.790). an octane number was 98.8. and safeirated hydrocarbons ere 40 wt %. and aromatic 
hydrocarbons were about 60 wt %. The yield was 64% based on plastic fed. It was confimied tiiat the invention process 
had eiffiellent effects that the octane value was higher, and the content of a gasoline component was greater. 

(Examples 3 to 5) 
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Rgs. 8 to 10 show pyrolysis reactors used in Examples 3 to 5, respectively. In Figs. 8 and 9. a layer of a filler com- 
posed of large-diameter ceramic pieces is provided at a bottom portion in tiie pyrolysis reactor, and a layer of catalyst 
pellets IS provided on the filler layer via a porous partition. A heater is provided outside «ie pyrolysis reactor, surround- 
ing Its outer peripheral portion conesponding to the catalyst layer and a space above the catalyst layer. 

45 In Uie pyrolysis reactor of Rg. 10. a catalyst 1^ is provided in a centi-al portion of the reactor, while its upper and 
lower end portions are fixedly held by glass wool. A heater is provided outside the pyrolysis reactor, surrounding its 
outer peripheral portion. By using ttnese pyrolysis reactors, polyefliylene terephthalate was fed into the pyrolysis reactor 
from an upper side, waste plastics was pyrolyzed in an atinosphere of a mixed gas of steam and an inert gas under 
heating with the heater, and a pyrolysis product was dissolved into acetone after moisture was removed through cooling 

50 With air. » a 

The pyrolysis reaction was performed for a given time period, and the reaction was stopped. A phthalic sublimate 
deposited in tiie ceramic layer or the glass wool and a pipe line was washed with an alkaline solution, and precipitated 
again by neutralization. Then, tiie precipitate was washed and dried, and its weight was measured. In each example 
no phthalic sublimate entered the acetone solutioa "nie cracked rate of terephthallc acid was calculated accorting to 
55 Uie following equation. The content of terepWhalic acid means a theoreti'cal amount of terephthallc acid produced on 
the assumption that terephthallc add is not cracked. 
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Cracked rate of terephtahlic acid {%) = {1 -(captured amount of terephthalic acid/content 
of terephthalic add in aiginal resin)} x 100 
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In the following, Exaoples 3 to 5 will be explained in more detail. 
(Example 3) 

A product oil was obtained by treating polyethylene terephthaiate according to the procedure shown in Fig 2 by 
using the tickle bed pyrolysis reactor shown In Fig. 8. The reaction temperature was 450°C. A mixed gas composed of 
50 mol % of steam and 50 mol % of nitrogen gas was fed as a carrier gas at a rate of 98.7 cc/min. (450°C). The product 
oil obtained after removal of moisture was dissolved into an acetone solution. The cracked rate of terephthalic add was 
calculated according to the above-mentioned equation. Results are shown in Table 1. whidi confirms that the light- 
weight oil having a high addition value could be obtained by the invention process. In the invention process, the percent- 
age of carbonaceous residue produced was not more tfian 1%. 



Table 1 



20 



25 



Catalyst 


Addition amount 


Cracked rate of tereph- 
thalic acid 


Product detected 


Fe(0H)3 


3g 


not Iesstiian99% 


CeHg (benzene) 


FegOg 


3g 


34% 


CeHg (benzene) 


no 




21% 


Ci 1 H14O3 (very small amount, intermediate 








reaction product) 



30 (Example 4) 

The same treatment as in Example 3 was operated by using the tridde bed pyrolysis reactor shown In Fig. 9. As a 
result, when FegOg (3g) was used as a catalyst, the cracked rate of terephthalic acid was 23%. and a product detected 
was Ci 1 H14O3 (very small amount an intermediate reaction product). As conpared with a case where the crad^d rate 
35 of terephthalic acid was 20 % with no use of a catalyst, it was confirmed that the excellent effect can be obtained by the 
invention process. Further, comparison between Example 3 revealed that the cradling of terephttialic acid more pro- ' 
ceeds when the camer gas is flown in parallel to the plastic. In the invention process, the percentage of carbonaceous 
residue produced was not more than 1 %. 

40 (Example 5) 

The cracked rate of terephthalic acid was examined In the same manner as in Example 3 by using the tricWe bed 
pyrolysis reactor in which the catalyst was held between ttie glass wool as shown in Fig. 10 under the condition that the 
reaction temperature was 450°C. and a mixed gas composed of 70 mol % of steam and 30 mol % of nitrogen gas was 
45 fed at a rage of 98.7 cc/min. (450«C) as a earner gas. Results are as shown in Table 2. It was confirmed that the light- 
weight oil having a high addition value can be obtained by the invention process. In the invention process, the percent- 
age of carbonaceous residue produced was not more tfian 1 %. 



so 
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Table 2 



Catalyst 


A^IHifinn om/Mirvt 
'ViJUluUii aiilULirTI 


vyracKea rate of terepn- 
thaiic acid 


Product detected 


Fe(0H)3 


4g 


84% 


OqHq (benzene) 


N 


8g 


98% 


CeHe (benzene) 


If 


12 g 


not less than 99% 


CqHq (benzene) 


Iron ore produced at Lob .River 


9g 


66% 


CsHg (benzene) 


N 


18g 


93% 


CgHg (benzene) 


M 


27 g 


98% 


CqHq (benzene) 



As IS dear from the foregoing explanation, according to the present invention, even if the waste plastics contains 
phthahc polyester and/or polyvinyl chloride, the production of the phthalic sublimate and carbonaceous residue In the 
pyrolysis step can be almost eliminated, and the light-weight oil having a high octane number can be produced at a high 
yield. Therefore, the present invention extremely largely contributes to the development of the industries as the process 
for producing the light-weight oil from the waste plastics containing phthalic polyester and/or polyvinyl chloride while 
sweeping off the conventional problems. 

Clafms 

1 . A process for producing light-weight oil from waste plastics containing a phthalic polyester and/or a polyvinyl chlo- 
ride, characterized in that the light-weight oil is produced by pyrolyzing the waste plastics containing the phthalic 
polyester and/or tiie polyvinyl chloride in an atmosphere of steam or a mixture of steam and an inert gas, 

2. The process for producing light-weight oil from the waste plastics containing the phthalic polyester and/or the pol- 
yvinyl chloride set forth in Claim 1 , wherein the pyrolysis is performed in the presence of one or more kinds selected 
from iron hydroxide, hydrous iron oxide and ion oxide. 

3. The process for producing light-weight oil from the waste plastics containing the phthalic polyester and/or the pol- 
yvinyl chlonde set forth In Qaim 1 or 2, wherein the pyrolysis Is performed in a tricWe bed pyrolysis reactor filled 
with a solid filler. 

4. The process for producing light-weight oil from the waste plastics containing the phthalic polyester and/or the pol- 
yvinyl chloride set forth in Claim 3. wherein the filler filled in the trickle bed pyrolysis reactor has one or more kinds 
of iron hydroxide, hydrous iron oxide and iron oxide present at at least a surface thereof. 

5. The process for producing light-weight oil from the waste plastics containing the phthalic polyester and/or the pol- 
yvinyl chloride set forth in Claim 3. wherein iron ore is used as the filler filled in the trickle bed pyrolysis reactor. 

6. The process for producing light-weight oil from the waste plastics containing the phthalic polyester and/or the pol- 
yvinyl chloride set forth in any one of Claims 3. 4 and 5. wherein after the filler filled in the trickle bed pyrolysis reac- 
tor is discharged outside from the reactor together with a residue, the residue is removed and the filler is fed to the 
reactor. 

7. The process for producing light-weight oil from the waste plastics containing the phthalic polyester and/or the pol- 
yvinyl chtorlde set forth in any one of Claims 1. 3 and 6 wherein a phthalic sublimate is cracked by using a catalyst 
composed of one or more kinds of iron hydroxide, hydrous iron oxide and iron oxide after the pyrolysis. 

B. The process for producing light-weight oil from the waste plastics containing the phthalic polyester and/or the pol- 
yvinyl chloride set forth in any one of Claims 1 to 6. wherein a pyrolysis oil or a mixture of the pyrolysis oil and a 
pyrolyzed gas obtained by the pyrolysis of the waste plastics containing the phthalic polyester and/or the polyvinyl 
chlonde is catalytically cracked in an atmosphere of steam or a mixture of steam and an inert gas by using a cata- 
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25 



30 



35 



40 



9. The process for producing light-weight oil from the waste plastics containing the phthalic polyester and/or the pol- 
yvinyl chloride set forth in Claim 8. wherein the catalytic cracking is performed with a catalyst of rare earth metal 
exchanged Y type zeolite. 

10. The process for producing light-weight oil from the waste plastics containing the phthalic polyest r and/or the pol- 
yvinyl chloride set forth in Claim 7, wherein after the phthalic sublimater aaddng. a catalytic cracking is peribrmed 
with a catalyst of Y type zeolite. 

1 1 . The process for producing light-weight oil from the waste plastics containing the phthalic polyester and/or the pol- 
yvinyl chloride set forth in Qalm 9 or 10. wherein the rare earth metal-exchanged Y type zeolite Is Y type zeolite 
supporting a transition metal. 

12. The process for producing light-weight oil from the waste plastics containing the phthalic polyester and/or the pol- 
yvinyl chloride set forth in Claim 1 1 , wherein the transition metal is nickel. 

13. The process for producing light-weight oil from the waste plastics containing the phthalic polyester and/or the pol- 
yvinyl chloride set forth in any one of Claims 1 to 12. wherein before the pyrolysis is performed, the waste plastics 
containing the phthalic polyester and/or the polyvinyl chtoride are dechlorinated. 

14. The process for producing light-weight oil from the waste plastics containing the phthalic polyester and/or the pol- 
yvinyl chloride set forth in Claim 13. wherein the dechlorination is performed in an atmosphere of steam and/or a 
mixture of steam and an inert gas. 

15. The process for producing light-weight oil from the waste plastics containing the phthalic polyester and/or the pol- 
yvinyl chloride set forth in Claim 13 or 14, wherein the dechlorination is performed in a moving bed reactor, and 
after the dechlorination is completed, the waste plastics and a filler is transferred to a pyrolysis reactor, and'after 
the pyrolysis is completed, the filler is discharged outside from the reactor together with a residue, and after the res- 
idue is removed, the filler is fed to a dechtorinating reactor. 

16. The process for producing light-weight oil from the waste plastics containing the phthalic polyester and/or the pol- 
yvinyl chloride set forth in Claim 15, wherein a ceramic filler is used as the filler.- 

1 7. The process for producing light-weight oil from the waste plastics containing the phthalic polyester and/or the pol- 
yvinyl chloride set forth in Claim 1 6. wherein an alumina filler is used as the filler. 

18. The process for producing light-weight oil from the waste plastics containing the phthalic polyester and/or the pol- • 
yvinyl chloride set forth in any one of Claims 1 to 1 7. wherein a combustion exhaust gas of a pyrolyzed gas is used 
as the inert gas. 
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FIG.3 
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FIG.5 
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FIG.6 
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FIG.7 
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FIG. 9 
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